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Device for producing monocrystals 

The invention concerns a device for producing monocrystals. 
In particular the invention concerns a device for producing 
monocrystals of various materials, for example III-V mate- 
rials, for example of gallium arsenide monocrystals. 

Familiar devices for producing monocrystals of various ma- 
terials, for example III-V materials, for example of gal- 
lium arsenide monocrystals, generally comprise multiple 
temperature zone furnaces, such as those described in DE- 
OS-38 39 97 and in US patents US 4,086,424, US 4,423,516 
and US 4 , 518,351 . 

These multiple temperature zone furnaces can consist not 
only of metal heat conductors but also of heating conduc- 
tors containing carbon The so-called multiple zone tube 
furnaces enable a variable structure of a temperature field 
suitable for crystal growth and its displacement along the 
furnace's axis of rotation. 
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However, devices of this kind are characterized not only by 
an axial but also by a radial heat flow that can lead to a 
variable growth rate and to an unfavorable formation of the 
interphase melt -crystal . 

In addition, multizone or multiple temperature zone fur- 
naces are composed of a variety of thermal construction 
elements and this requires considerable expense for disman- 
tling and assembling for maintenance work. As the number of 
zones increases the amount of automation increases and with 
it the susceptibility to faults of multizone furnaces. 

In particular for the production of monocrystals with a 
large diameter, for example 2", 3", 100 mm, 125 mm, 150 mm 
200 mm and above, there is the problem that a radial heat 
flow in the crystal has an effect on the isotherms, i.e. on 
the interphase mel t -monocrystal in a vertical or axial di- 
rection respectively . 
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The task of the invention is to provide a device for pro- 
ducing monocrystals, in particular monocrystals of various 
III-V materials, for example from gallium arsenide, in 
which the heat control is almost exclusively axial . 
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The device has the advantage that a homogeneous axial heat 
flow is guaranteed and that practically no heat at all can 
run off in a radial direction, i.e. of a radially homogene- 




ous temperature at the upper and lower heating plates and 
the intermediate sections . 

Other elements and expediencies can be seen in the descrip- 
tion of a design example by means of Fig. 1. 

The figure shows a schematic cross-section view of the de- 
vice according to the invention with an axis of rotation M 
extending vertically. 

The device for producing monocrystals has a cyl inder- shaped 
furnace 1 with a lower heating plate as the floor heater 2 
and an upper heating plate as the cover heater 3. The high- 
temperature heat conducting plates (e.g. CFC) have a circu- 
lar cross-section. The diameter of the floor heater 2 and 
of the cover heater 3 is not less than 1.5 to 2 times the 
diameter of the crystal to be produced, so that there are 
no radial heat flows in the system that are caused among 
other things through the non-rotat ionally symmetrical in- 
fluences of the current supply. The clearance between floor 
heater 2 and cover heater 3 is dimensioned so that a cruci- 
ble 4 for the crystal growth can be located between them. 

A control appliance that is not shown is planned with which 
floor heater 2 and cover heater 3 can be triggered in such 
a way that cover heater 3 can be kept roughly at the melt- 
ing temperature of the material to be processed and floor 
heater 2 can be kept at a slightly lower temperature. The 
controller is in addition designed so that the temperature 
of floor heater 2 can be continuously reduced in the growth 
process in comparison with the temperature of the cover 
heater, so that the melt of the raw material in the cruci- 
ble 4 can harden continuously from bottom to top. 

The cylindrical furnace 1 has in addition a jacket heater 5 
that is formed for example in the cylindrical boundary wall 
of the furnace . There is a control appliance planned that 




is designed so that the j acket heater 5 can be held at a 
temperature in the proximity of the melting point of the 
raw material in the crucible. 

To prevent a flow of heat in a radial direction the furnace 
1 has in addition a rotational ly symmetrical insulator 6 
made of heat-insulation material. Insulator 6 has the shape 
of a tapered body with a coaxial cylindrical interior that 
is open at the top and the bottom. The outer wall 7 of the 
insulator 6 is therefore shaped like a truncated cone and 
the inside wall 8 is shaped like a cylinder. Insulator 6 is 
arranged in the furnace in such a way that the tapered end 
8 is in the direction of floor heater 2 and the end oppo- 
site to the tapered end is in the direction of cover heater 
3. The inside diameter of the insulator is greater than the 
diameter of the crucible 4 that is to be inserted. The in- 
sulator is made preferably of graphite . The hollow trun- 
cated cone shape of the heat conducting profile 6 results 
in a free radiation space 9 between the heat conducting 
profile and the jacket heater 5 that contributes to the 
azimuthal compensation of the temperature through the main 
heater . 

The design and arrangement of insulator 6 in the furnace 1 
described above brings about a reduction in the heat insu- 
lation moving from the cover heater 3 to the floor heater 2 
in a radial direction between a melt of raw material in 
crucible 4 and the jacket heater 5. 

For operational purposes the crucible 4, which contains the 
crystal nucleus is placed into the furnace. Boroxide B2O3 
and polycrystalline gallium arsenide are then added. The 
jacket heater 5 is then triggered in such a way that it is 
brought to a temperature that is sufficient to heat the re- 
action space to the working temperature and to melt the 
solid feedstock material. The added polycrystalline gallium 




arsenide is melted so that it forms a gallium arsenide melt 

10 and is covered by a covering melt 11 made of molten B2O3 
so that contact of the gallium arsenide with the crucible 
wall is prevented. 

The growing process is then carried out as follows. The 
cover heater 3 is brought to a temperature of approx. 
1300°C and the floor heater 2 is brought to a temperature 
of approx. 1200°C. A temperature gradient is formed between 
the cover heater 3 and the floor heater 2 that is practi- 
cally the temperature gradient that is found between two 
infinite parallel level plates. The temperature of the 
floor heater is then reduced continuously so that the melt 

11 in the crucible 4 crystallizes out evenly from bottom to 
top. By controlling and/or regulating the temperature of 
the floor heater 2 relative to the temperature of the cover 
heater 3 it is possible to move the vertical position of 
the melt isotherms between the two heaters and therefore to 
control the crystallization. The jacket heater must be cor- 
rected slightly throughout the process time to maintain the 
ideal axial temperature, because the system's overall en- 
ergy level is reduced, and to ensure that the radial 
losses, that are compensated for through the jacket heater, 
are reduced. 

The jacket heater 5 serves to compensate global heat losses 
and to prevent a radial heat flow. Through insulator 6 a 
high level of insulation is achieved in the area of cover 
heater 3 in a radial direction and a lower level of insula- 
tion in the area of floor heater 2 in a radial direction. 
This guarantees an axial heat flow parallel to the rotation 
axis of the furnace during the crystallization process. 

During the crystallization process and thereafter isotherm 
formation in the reaction vessel is in this way possible in 
any form. The isotherm form that is aimed for can be dis- 
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placed through the strictly axial heat flow over the com- 
plete height of the reaction space between cover heater 3 
and floor heater 2 . 

The device in accordance with the invention enables the 
production of monocrystals of different III-V materials 
with large diameters, such as for example gallium arsenide 
with a diameter of 2", 3", 100 mm, 125 mm, 150 mm 200 mm 
and larger. 

Depending on the monocrystal that is to be produced, for 
example in regard of its material or its diameter, the in- 
sulator 6 may be designed as a hollow cylinder. The aim is 
simply to guarantee a strictly axial heat flow and to pre- 
vent the heat flowing off in a radial direction. In this 
way the target can be reached of obtaining a constant rate 
of crystal growth per time unit. 

In a modified form the heat transmission cylinder 6 is not 
in the shape of a tapered cone but is shaped so that a de- 
sired axial isotherm course is achieved. Any particular 
form is conceivable here and is calculated by means of the 
desired isotherm course. Any type of desired heat flow can 
be designed through the form of the material and the type 
of the material. In this way the target can be reached of 
obtaining a constant rate of crystal growth per time unit. 



